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© Optical information recording/reproducing apparatus. 



@ An optical information recording apparatus 
comprises a device for forming first and second 
light spots on an optical information recording 
medium to perform recording or reproducing of 
information on the recording medium and a 
tracking control device for conducting a track- 
ing control for at least one of the first and the 
second light spots. The optical information re- 
cording apparatus may further comprise a de- 
tecting device for detecting an eccentricity 
amount of the recording medium, a calculating 
device for calculating a tracking offset amount 
to be assigned at a predetermined ratio to the 
first and second light spots based on the eccen- 
tricity amount detected, position information of 
the first light spot on the recording medium, 
and distance information between the first and 
the second light spots, and an applying device 
for applying the offset amount calculated to the 
tracking control device. The recording ap- 
paratus may have a detecting device for detect- 
ing a relative track deviation amount of the first 
and second light spots, and a calculating device 
for calculating a tracking offset amount to as- 
sign the track deviation amount detected at a 
predetermined ratio to the first and second light 
spots. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to an optical information recording/reproducing apparatus for recording or 

reproducing information on an information recording medium using a plurality of optical beams. 

Related Background Art 

10 There is known as a magneto-optical disk apparatus permitting overwriting of information, an apparatus 

employing a method in which a magnetic field applied to a magneto-optical recording medium is modulated 
depending upon information to be recorded, for example as described in Japanese Laid-open Patent Applica- 
tion No. 51-107121. Also, there is proposed to increase a data processing speed of a magneto-optical disk an 
optical disk apparatus capable of erasing, recording, and reproducing information with a rotation of the disk 

15 by providing a plurality of beams for recording and for verification on a track of a recording medium in addition 
to the above arrangement, for example as described in Japanese Laid-open Patent Application No. 64-82348. 
Further, t here is proposed an optical disk apparatus using a rotation of a trapezoidal shaped prism to accurately 
locate a plurality of beams on a track, for example as described in Japanese Laid-open Patent Application No. 
1-177510. Fig. 1 is a constitutional drawing to show an example of such conventional optical disk apparatuses, 

20 in which reference numeral 1 designates a magneto-optical recording medium having a magneto-optical effect 
and disposed on a transparent substrate 3 of disk, and numeral 2 a protection film. Optical fluxes emitted from 
a semiconductor laser 4 are coliirnated by a collimator lens 5 to become parallel optical fiuxes, and the parallel 
fluxes are separated by a diffraction grating 6 into a plurality of optical fluxes (three optical fluxes of zero-order 
and ±f irst-order). The optical fluxes incident into the trapezoidal shaped prism 7 are reflected at an internal 

25 surface thereof, and then enter a polarized light beam splitter 9. Numeral 8 is an actuator to rotate the trape- 
zoidal shaped prism 7 about the optical axis. The optical fluxes are reflected by a mirror 10, and then form 
images of three light spots 14, 15, and 16 through an objective lens 11 on a certain track on the recording 
medium 1. Numeral 12 denotes an actuator for focusing and tracking. 

Fig. 2 shows the light spots on the magneto-optical recording medium 1 and an intensity of each light spot 

30 in recording while reproducing. The central light spot 15 is the zero-order light, and the light spots 14 and 16 
±f irst-order diffracted lights, as aligned on the track as shown. Defining a disk rotation direction as shown by 
an arrow, the light spot 15 may be used as a light spot for recording and erasing, and the light spot 16 as a 
light spot for verification reproduction immediately after recording. An intensity ratio of the light spots may be 
changed by the diffraction grating 6. For example, the light spot for recording and erasing is set at 7mW, and 

35 the light spot for verif ication reproduction is at 1mW. Fig. 2 also shows emission powers of laser source in re- 
production and in recording. A laser is emitted with a low power P R in reproduction, whereby the light spot 15 
has a power of about 1mW to conduct reproduction of a magneto-optical signal or servo signal detection. The 
light spot 16 is not used because of a low power thereof. In contrast, a laser is emitted with a high power P w 
in recording. In this case, the light spot 15 serves as a light spot for recording and erasing. Irradiated with a 

40 laser beam with a high power, the magneto-optical recording medium 1 increases a temperature thereof to 
decrease its magnetization and coercive force. Thus, applying a magnetic field polarity-inverted depending 
upon recording information through a magnetic head 1 0, magneto-optical pits may be recorded on the record- 
ing medium. Further, the light spot 16 has a power for reproduction in this state, so that the magneto-optical 
signal may be reproduced to perform an error check immediately after recording. 

45 Now returning to Fig. 1, the optical fluxes reflected at a surface of the recording medium and then entering 

the objective lens 11 are reflected via the mirror 10 by the polarized light beam splitter 9 to be guided to a 
signal detection optical system. In Fig. 1, there is shown a difference detection system using a half-wave (X/2) 
plate 21 and a polarized light beam splitter 22. The optical fluxes transmitted through the polarized light beam 
splitter 22 are guided through a condenser lens 23 and a cylindrical lens 24 onto a photo detector 25. The other 

so optical fluxes reflected by the beam splitter 22 are guided through a condenser lens 26 onto a photo detector 
27. Then, respective output signals of the photo detectors 25, 27 are transferred to a magneto-optical signal 
and servo detection circuit 28, in which a difference detection is carried out between the two photo detectors 
to reproduce the magneto-optical signal. In Fig. 1, reference numeral 17 designates a drive circuit of the sem- 
iconductor laser 4, 18 a drive circuit of the actuator 8, 19 a drive circuit of the actuator 12, 20 a drive circuit of 

55 the magnetic head 10, 28 the magneto-optical signal and servo signal detection circuit, and 29 a controller. 

Next explained with Fig. 3 is a detection system of a servo signal, specifically, of a tracking signal. Fig. 3 
shows a state in which the optical fluxes reflected by the polarized light beam splitter 22 are converged by the 
condenser lens 26 on photo detectors 27-1, 27-2, and 27-3 as light spots 30-1, 30-2, and 30-3. The light spot 
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30-2 corresponds to the light spot 15 for recording and erasing on the recording medium, and the light spot 
30-3 to the light spot 16 for verification reproduction. In overwriting, the two light spots must be correctly lo- 
cated on a track, and, therefore, tracking is carried out in the ordinary push-pull method with the light spot 15 
for recording and erasing. An output of the light spot 30-2 on the two-divided photo detector 27-2 is input 
through a differential amplifier 31 to the actuator drive circuit 19 to conduct tracking by the objective lens ac- 
tuator 12. Then, a rotation of the light spot 15 for recording and erasing and the light spot 16 for verification 
reproduction on the plane of the recording medium is corrected using a difference output between push-pull 
outputs of the light spot 30-1 and the light spot 30-3. Specifically, the difference output is an output of low fre- 
quency representing a rotation amount of the light spots 15 and 16 with respect to the track. Thus, inputting 
the difference output to the actuator drive circuit 1 8, a light spot rotation servo may be made effective through 
the rotation actuator 8 of the trapezoidal shaped prism 7. Numerals 32-1 and 32-2 denote amplifiers for ob- 
taining a difference output of outputs of the two-divided photo detector 27-1 and of the detector 27-3, respec- 
tively, and numeral 33 a differential amplifier. These operations make the light spot 1 5 for recording and erasing 
and the light spot 16 for verification reproduction correctly located on an identical track within a predetermined 
accuracy in overwriting. In contrast, a tracking control is carried out in the ordinary push-pull method using 
only the light spot 15 in reproduction. 

The above conventional example needs, however, the trapezoidal shaped prism 7 and the rotation actuator 
8 in order to keep the predetermined tracking accuracy for the two spots, and needs a precise position align- 
ment of the three light spots on the photo detectors in the tracking direction, which results in increase of pro- 
duction cost. Also, the construction of the light head is complex, making it difficult to make the apparatus com- 
pact. Then, a tracking servo of the ordinary push/pull method was tested only with the light spot 15 for recording 
and erasing in overwriting without use of the trapezoidal shaped prism and the rotation actuator to inspect 
causes of track deviation of the light spot 16 for verification reproduction. It was found by this test that a most 
dominant factor is an eccentricity of the disk. This will be explained with Figs. 4A-4C. In Fig.4A, an eccentricity 
of the recording medium 1 is taken on the vertical axis, a time on the horizontal axis, and H denotes an ec- 
centricity amount. Fig. 4B shows a positional relation between the light spot 15 for recording and erasing and 
the light spot 16 for verification reproduction with respect to a track in case of occurrence of each eccentricity 
amount. The eccentricity of the disk may be represented by the following equation. 

H = H 0 sincot (1); 
©= 2«f (2). 

In the above equations, H 0 is a maximum eccentricity, and f is a rotation frequency of the recording medium. 
If the light spot 15 is on the track, a track deviation amount 5 of the light spot 16 may be represented by. the 
following equation. 

8 = H 0 coso>ULyR (3), 

where L is a distance between the light spots 15 and 16, and R is a radius on the recording medium. As shown 
in Fig. 4C, the track deviation amount becomes zero when the eccentricity takes an extremum (at b or d), while 
the eccentricity becomes a maximum 5max = H 0 »L/R when the eccentricity = 0 (at a or c). In case that H 0 = 
50 urn, L = 20fim, and R = 24 mm, 8max = 0.042 urn. It is possible to restrict to some extent the track deviation 
of the light spot for verification reproduction rising from the accuracy of the optical parts and/or mechanical 
parts, by rotation adjustment of the diffraction grating 6. On the other hand, it has been difficult to eliminate 
the track deviation rising from the eccentricity of the recording medium without the trapezoidal shaped prism 
and the rotation actuator, because the track deviation due to the eccentricity of the recording medium differs 
depending upon a disk and a disc radius. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished taking into account the above problems in the conventional 
techniques. It is, therefore, an object of the present invention to provide an optical information recording/re- 
producing apparatus enabling to eliminate a track deviation of light spots due to an eccentricity of a recording 
medium without using a trapezoidal shaped prism and a rotation actuator, and to make a light head simple and 
compact. It is another object of the present invention to provide an optical information recording/reproducing 
apparatus which may also eliminate a track deviation except for that rising from the eccentricity of the recording 
medium. 

The object of the present invention can be achieved by an optical information recording/reproducing ap- 
paratus in which a plurality of light beams are formed as micro light spots on an identical track or on a plurality 
of tracks, respectively, on an optical information recording medium to conduct recording or reproducing of in- 
formation, in which there are provided means for conducting a tracking control with at least one of the plurality 
of light spots, means for detecting an eccentricity amount of the recording medium, means for calculating a 
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track deviation amount of the other light spots with respect to the light spot of the tracking control based on 
the eccentricity amount thus obtained, position information of the light spots on the recording medium, and 
distance information between the light spots, and means for calculating a tracking offset amount to assign the 
obtained track deviation amount at a predetermined ratio to the plurality of light spots and applying the offset 
amount to the tracking control signal in synchronism with the eccentricity of the recording medium. 

The object of the present invention can also be achieved by an optical information recording/reproducing 
apparatus in which a plurality of light beams are formed as micro light spots on an identical track or on a plurality 
of tracks, respectively, on an optical information recording medium to conduct recording or reproducing of in- 
formation, in which there are provided means for conducting a tracking control with at least one of the plurality 
of light spots, means for detecting a relative track deviation amount of the light spot for the tracking control 
and the other light spots, and means for calculating a tracking offset amount to assign the obtained track de- 
viation amount at a predetermined ratio to the plurality of light spots and applying the offset amount to a tracking 
control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a constitutional drawing to show a conventional example of an optical information recording/re- 
producing apparatus; 

Fig. 2 is an explanatory drawing to show light spots used in the conventional apparatus as shown in Fig. 
1 and an intensity of each light spot; 

Fig. 3 is a circuit diagram to show a detection system of tracking control signal in the conventional appa- 
ratus; 

Fig. 4A, Fig. 4B, and Fig. 4C are explanatory drawings to show an eccentricity of a recording medium in 
the conventional apparatus, positional relations of two light spots due to the eccentricity, and a track de- 
viation of the light spots, respectively; 

Fig. 5 is a constitutional drawing to show a first embodiment of the optical information recording/repro- 
ducing apparatus according to the present invention; 

Fig. 6 is a plan view to show a position sensor and an objective lens in the embodiment of Fig. 5, and a 
holding structure thereof; 

Fig. 7 is a cross-sectional drawing along X-X line in Fig. 6; 

Fig. 8 is a circuit diagram to show a circuit for producing a lens position output from a detection signal of 
the position sensor in the embodiment of Fig 5; 

Fig. 9 is a circuit diagram to show an example of a servo signal detection circuit for producing a tracking 
control signal, a focus control signal, and a magneto-optical signal in the embodiment of Fig. 5; 
Fig. 1 0A, Fig. 10B, and Fig.lOC are explanatory drawings to show an eccentricity of the recording medium, 
an AT offset applied to a tracking control signal based on information about the eccentricity, and track de- 
viations of a light spot for recording and erasing and of a light spot for verification reproduction when the 
AT offset is applied, respectively; 

Fig. 11 is a constitutional drawing to show a second embodiment according to the present invention; 
Fig. 12 is a constitutional drawing to show a third embodiment according to the present invention; 
Fig. 1 3 is a block diagram to show an example of the servo signal detection circuit in the embodiment of 
Fig. 12; 

Fig. 14A and Fig. 14B are signal wave form drawings to show cross-track signals produced by the servo 
signal detection circuit of Fig. 13; 

Fig. 1 5A and Fig. 15B are explanatory drawings to show deviation states of two light spots with respect to 
a track without and with application of the AT offset, respectively, in the embodiment of Fig. 12; 
Fig. 16Aand Fig. 16B are signal wave form drawings to show an AT signal produced by the servo signal 
detection circuit of Fig. 13 and an AT signal with application of the AT offset, respectively; 
Fig. 17A and Fig. 17B are signal wave form drawings to show differentiation outputs of the cross-track 
signals differentiated by differentiating circuits in the servo signal detection circuit of Fig 13; 
Fig. 18A and Fig. 18B are signal wave form drawings to show cross-track signals in the servo signal de- 
tection circuit of Fig. 13 when the light spots cross a track (in one track jump); 

Fig. 19A and Fig. 19B are signal wave form drawings to show an AT signal in the servo signal detection 
circuit of Fig. 13 when the light spots cross a track (in one track jump) and an AT signal with application 
of the AT offset, respectively; 

Fig. 20Aand Fig. 20B are signal wave form drawings to show differentiation outputs of the differentiating 
circuit in the servo signal detection circuit of Fig. 1 3 when the optical spots cross a track (in one trackjump); 
Fig. 21 is a block diagram to show a fourth embodiment according to the present invention; and 
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Fig. 22A, Fig. 22B, and Fig. 22C are explanatory drawings to show deviation states of a plurality of light 
spots tracking-controlled on respective, different tracks, with respect to the tracks without and with appli- 
cation of AT offset. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention are explained in detail in the following with reference to the accom- 
panying drawings. 

Fig. 5 is a constitutional drawing to show the first embodiment of an optical information re cording/re pro- 

10 ducing apparatus according to the present invention. In Fig. 5, the same elements are given the same numerals 
as in the conventional apparatus as shown in Fig. 1, and are omitted to explain in the present embodiment. In 
Fig. 5, reference numeral 34 designates a position sensor for detecting a position of the objective lens actuator 
12 in the tracking direction. An output signal of the position sensor 34 is sent to a servo signal detection circuit 
60 to detect an eccentricity amount of the recording medium 1 . In the servo signal detection circuit 60, a tracking 

15 offset, as will be referred to as an AT offset, is calculated based on eccentricity information obtained, and is 
then applied to a tracking control signal. Specific circuit constitution and operation for the tracking control will 
be detailed later. Further, the present embodiment does not use the trapezoidal shaped prism and the rotation 
actuator as provided in the conventional apparatus, whereby the constitution of the apparatus may be simpli- 
fied. In the present embodiment, the eccentricity amount of the recording medium 1 is detected by forming 

20 three light spots 14, 15, 16 on a certain track on the recording medium through the objective lens 11 and de- 
tecting a displacement of the objective lens 11. 

Fig. 6 is a plan view to show the position sensor 34 and the objective lens 11 encircled by a broken line 
in Fig. 5, together with a holding structure thereof, and Fig. 7 is a cross-sectional view along X-X line in Fig. 
6. In the figures, numeral 35 denotes a cylindrical holding member for holding the objective lens 17 and the 

25 position sensor 34. The holding member 35 is made of a carbon fiber reinforced resin. A through hole 35a is 
perforated through a central portion of the holding member 35 to receive a shaft 36. The objective lens 11, 
and a light emitting device 34a constituting a part of the position sensor 34 are secured to the holding member 
35 such that the shaft 36 intervenes between the objective lens 11 and the light emitting device 34a. Through 
holes 35b and 35c are provided beneath the objective lens 11 and beneath the light emitting device 34a on 

30 the holding member 35, respectively, for light passage. The holding member 35 is so structured that it may 
rotate about the shaft secured to the actuator base 37 through a magnetic circuit constituted by unrepresented 
magnet and coil thereby to move in the tracking direction, and that it may also slide in the focus direction. 

A two-divided light receiving element 34b for receiving emitted optical fluxes is fixed on the actuator base 
37 below the light emitting device 34a. The light emitting element 34a and the two-divided light receiving ele- 

35 ment 34b constitute the position sensor 34. Light emitted from the light emitting device 34a is shaped in a proper 
form through a slit 34c provided in the through hole 35c of the holding member 35, and the shaped light enters 
the two-divided light receiving element 34b. The position sensor 34 is symmetrically positioned with the ob- 
jective lens 11 with respect to the shaft 36 while also serving as a counter weight. Two outputs of the two- 
divided light receiving element 34b are supplied to a differential amplifier 34d for detecting a lens position and 

40 to a summing amplifier 34e for detecting a light amount of the light emitting device 34a as shown in Fig. 8. The 
two-divided light receiving element 34b is divided into two pieces of detector A and detector B aligned perpen- 
dicular to the tracking direction. In Fig. 8, the light incident into the two-divided light receiving element 34a is 
represented by 34f, which is shaped in a rectangular optical fiux by the slit 34c. Output signals of the two de- 
tectors A, B of the two-divided light receiving element 34b are sent to the differential amplifier 34d, which pro- 

45 duces thereby a difference signal. In this case, since the two-divided light receiving element 34b is divided 
into two perpendicular to the tracking direction, the position of the light emitting device 34a with respect to the 
actuator base 37 may be attained from the output signal of the differential amplifier 34d. In detail, once two 
outputs of the detectors A, B are adjusted to be equal to each other when the center of the objective lens 11 
becomes coincident with the optical axis of the laser optical flux (with no eccentricity), a lens position output 

so may be obtained in proportion to the position of the objective lens 11 when moved with an eccentricity with 
the spot 34f on the two-divided light receiving element 34b moving together. Accordingly, effecting a tracking 
servo using the light spot 15 for recording and erasing while making the objective lens actuator 12 follow the 
eccentricity of the recording medium by using the objective lens position output, the eccentricity of the record- 
ing medium may be attained from the objective lens position output. 

55 Fig. 9 is a circuit diagram to show an example of construction of the servo control circuit for tracking control 

of the light spot 15 for recording and erasing and the light spot 16 for verification reproduction as described 
with eccentricity information of the recording medium being obtained from the lens position output. This circuit 
is provided in the servo signal detection circuit 60 as shown in Fig. 5. In Fig. 9, 30a and 30b are light spots 
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condensed by the condenser lens 26 on the photo detector 27 from the optical fluxes reflected by the polarized 
light beam splitter 22. The light spot 30a is a reflection light of the light spot 15 for recording and erasing from 
the medium surface, and the light spot 30b is a reflection light of the light spot for verification reproduction 
from the medium surface. The photo detector 27 comprises photo detectors 27a and 27b. The photo detector 
27a is divided into two to conduct the tracking control of push-pull method with the light spot 30a. Accordingly, 
precise positioning of the photo detector27 may be sufficiently achieved only with the light spot 30a. An output 
signal of the photo detector 27a is sent to the differential amplifier 31 . 

The aforementioned lens position output from the differential amplifier 34d is output to a computing unit 
39, and the computing unit 39 calculates an eccentricity amount of the recording medium based on the lens 
position output and stores a result obtained in an internal memory thereof. A specific operation of the com- 
puting unit 39 is explained below with Figs. 10A-10C. First, the semiconductor laser 4 is turned on to provide 
the light spot 15 for recording and erasing of reproduction power in such a state that the computing unit 39 
has no eccentricity information of the recording medium, and the objective lens actuator 12 is made to follow 
the eccentricity of the recording medium in the ordinary push-pull method to conduct the tracking control. When 
the objective lens actuator 12 follows the eccentricity of the recording medium in such a state, eccentricity in- 
formation of the recording medium may be obtained from the output of the differential amplifier 34d. The ec- 
centricity amount is H 0 sinG>t as shown in Fig. 10A. The computing unit 39 takes in the eccentricity amount and 
differentiates it to calculate a quantity H 0 cos©t proportional to the track deviation of the light spot 16 for veri- 
fication reproduction. The computing unit 39 also obtains from address information preliminarily formatted on 
the recording medium a distance L between the light spots 15 and 16 on the recording medium, which is de- 
termined by the construction of the light head, and a radius R on the recording medium where the light spots 
15 and 16 are located. The computing unit 39 calculates a track deviation amount 6 of the light spot 16 at a 
radial position thereof with reference to the light spot 15. The track deviation amount 6 may be obtained by 
the following equation. 

8 = H 0 cosQ>t«UR (4). 

Once the computing unit 39 takes in the eccentricity information, the unit 39 may calculate the track deviation 
amount of the light spot 1 6 in accordance with a radius R of a track on the recording medium to which the light 
head is making access, because the eccentricity amount is independent of the radius R. 

It is preferable that the both track deviations of the light spots 15 and 16 become as small as possible in 
order to conduct stable recording/erasing and reproducing of information. Thus, the track deviation of equation 
(4) caused by the eccentricity of the recording medium is properly separated at a predetermined ratio to be 
assigned to the two light spots in overwriting. For example, if an AT offset of a half of the equation (4) is applied 
as shown in Fig. 10B to the light spot 15 in synchronism with the rotation, i.e., with the eccentricity of the re- 
cording medium, respective track deviations of the light spots become as shown in Fig. 10C. In this example 
the following equations represent the applied AT offset, the track deviation 5 1 of the light spot 15 for recording 
and erasing, and the track deviation 5 2 of the light spot 1 6 for verification reproduction. 

AT offset = - H 0 cos©UL/2R (5); 
= - H 0 coscdUL/2R (6); AND 
5 2 = H 0 cos©t»L/2R (7). 
If H 0 = 50 u.m, L = 20 urn, and R = 24 mm, the maximum track deviation of each light spot is 0.021 urn. 

As described, the AT offset calculated by the computing unit 39 is output to the differential amplifier 40, 
and is then applied to the aforementioned tracking control signal output from the differential amplifier 31. Of 
course, the application of the AT offset is necessary only in overwriting, but unnecessary in the ordinary re- 
production. Incidentally, there is provided a differential amplifier 38 between the differential amplifiers 31 and 
40, which is to cancel an AT offset peculiar to the push-pull method, generated depending upon the position 
of the objective lens 11 in the tracking direction. The AT offset is always applied to the tracking control signal 
from the differential amplifier 31. The differential amplifier 40 produces a tracking control signal 41 of a differ- 
ence between the tracking control signal from the differential amplifier 31 and the AT offset value from the 
computing unit 39, and outputs the control signal 41 to the drive circuit 19. The drive circuit 19 drives the ac- 
tuator based on the tracking control signal so as to control the objective lens 11. By this, the two light spots 
15, 16 follow a track with a sufficient accuracy irrespective of the eccentricity of the recording medium to con- 
duct the recording and verification of information. 

A recording/reproducing signal level decreases in general in proportion to a square of the track deviation. 
In the present embodiment, a signal decrease of the light spot 16 for verification reproduction may be made 
half as compared to the arrangement without application of the aforementioned AT offset to the light spot 1 5 
for recording and erasing. The effect is especially outstanding for the recording medium with guide grooves 
with regard to the signal decrease due to the track deviation. The assigning ratio of the track deviation caused 
by the eccentricity of the recording medium to the two light spots may be arbitrarily changed depending upon 
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properties of the recording medium to be used. 

In Fig. 9, 42a and 42b are light spots converged from the optical fluxes passed through the polarized light 
beam splitter 22 and then through the condenser lens 23 and cylindrical lens 24 onto the photo detector 25. 
The light spot 42a is a reflection light of the light spot 15 for recording and erasing from the medium surface, 
5 and the light spot 42b is a reflection light of the light spot 16 for verification reproduction from the medium 
surface. The photo detector 25 comprises photo detectors 25a and 25b. The photo detector 25a is divided into 
four to conduct focusing of astigmatic method. Adders 43, 44 calculate diagonal sums of the four-split photo 
detector 25a, and a differential amplifier 45 calculates a difference thereof to obtain a focusing control signal 
46. The focusing control signal 46 is output to the drive circuit 19, which performs a focusing control of the 

10 objective lens 11 by driving it in the focusing direction. In addition, magneto-optical signals are produced from 
the output signals of the photo detectors 27 and 25. In detail, in the ordinary reproduction, a magneto-optical 
signal 50 is produced from the light spot 15 by obtaining the signal from the light spot 42a through the adder 
44 adding the outputs of the adders 43, 44, and the signal from the light spot 30a through the adder 47, and 
by obtaining a difference of the thus-obtained signals through the differential amplifier 49. In overwriting, a 

15 magneto-optical signal 52 is produced by obtaining a difference of the signals from the light spots 42b and 
30b through the differential amplifier 51. 

Fig. 11 is a block diagram to show the second embodiment according to the present invention. This em- 
bodiment is an example in which the eccentricity information of the recording medium is obtained from a low 
frequency component of the tracking control signal instead of using the position sensor of the objective lens. 

20 Fig. 11 shows only a portion different from the arrangement of the embodiment as shown in Fig. 9. In Fig. 11, 
reference numeral 31 designates a differential amplifier for producing a tracking control signal from a reception 
signal of a light spot 30a detected by a two-divided photo detector 27a as described above. An output of a dif- 
ferential amplifier 31 is supplied to a phase compensator 53, and an output of the phase compensator 53 after 
phase compensation is sent to a low-pass filter 54. When the tracking control signal phase-compensated by 

25 the phase compensator 53 is passed through the low-pass filter 54, an output proportional to the eccentricity 
of the recording medium may be obtained from a low frequency component of the tracking control signal. The 
computing unit 39 calculates an AT offset in the same manner as described above based on the eccentricity 
information of the recording medium from the filter output, and applies the AT offset value thus obtained to 
the tracking control signal. This embodiment is advantageously employed for a case of an actuator which has 

30 a restoring force toward an original position of the objective lens (a position where the eccentricity of the re- 
cording medium is zero) when the objective lens 11 follows the eccentricity of the recording medium, specifi- 
cally for an actuator of spring type. 

Fig. 12 is a block diagram to show the third embodiment according to the present invention. The above 
embodiments are examples to prevent the track deviation of the light spots caused by the eccentricity of the 

35 recording medium by detecting the track deviation amount due to the eccentricity, while the present embodi- 
ment is an example to prevent a track deviation irrespective of the eccentricity of the recording medium by 
detecting a track deviation amount thereof. In Fig. 12, the same elements are given the same numerals as in 
the embodiment as shown in Fig. 5. In the present embodiment, optical fluxes of the semiconductor laser 4 
are diffracted into three diffraction beams of zero-order and ±f irst- order by the diffraction grating 6 in the same 

40 manner as in the conventional apparatus, and the respective optical fluxes thus diffracted form images of micro 
light spots on an information recording medium 1 through the condensing effect of the objective lens 11. A 
magneto-optical disk is used as the information recording medium 1. Light spots 14, 15, 16 are formed on an 
identical track on the disk in named order from the upstream. The light spot 15 is used as a light spot for re- 
cording and erasing, and the light spot 16 is used as a light spot for verification reproduction immediately after 

45 recording. Numeral 61 denotes a servo signal detection circuit for detecting a servo signal for focus control 
and tracking control and for detecting a magneto-optical signal or reproduction signal based on signals detected 
by the photo detectors 25 and 27. The servo signal detection circuit 61 functions to make the two light spots 
15, 16 follow a track with a sufficient accuracy as will be detailed later. Similarly as in the embodiment of Fig. 
5, the present embodiment also excludes the trapezoidal shaped prism and the rotation actuator as used in 

so the conventional apparatus, whereby the constitution of the apparatus may be simplified. 

Fig. 13 is a block diagram to show a specific example of construction of a tracking servo system in the 
servo signal detection circuit 61. In Fig. 13, numeral 27 is a photo detector as shown in Fig. 12. Light spots 
30a and 30b are condensed from optical fluxes reflected by the polarized light beam splitter 22 through the 
condenser lens 26 onto the photo detector 27. The light spot 30a is a reflection light of the light spot 15 for 
55 recording and erasing from the medium surface, the light spot 30b is a reflection light of the light spot 1 6 for 
verification reproduction from the medium surface. The photo detector 27 comprises photo detectors 27a and 
27b. The photo detector 27a is divided into two to conduct a tracking control of push-pull method with the light 
spot 30a. Accordingly, precise positioning of the photo detector 27 may be properly effected only with the light 
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spot 30a. Output signals of the photo detector 27a are sent to a differential amplifier 31 in the servo signal 
detection circuit 61, which produces a tracking control signal (AT signal) 62. 

The output signals of the photo detector 27a are also sent to an adder 63, and the adder 63 produces a 
cross-track signal 64, which is a sum signal of the two-divided photo detector 27a. An output signal of the photo 

5 detector 27b is output as a cross-track signal 65. In the present embodiment, a relative position deviation of 
the two light spots 15, 16 in the radial direction is detected from the two cross-track signals 64, 65. Fig. 14A 
and Fig. 14B are drawings to show respective signal wave forms of the cross-track signals 64, 65, in which 
the horizontal axis represents a time and the vertical axis a signal output Figs. 14Aand 14B show the cross- 
track signals 64, 65 in case that the focus servo is effective on the light spots 15, 16, that the tracking servo 

10 loop is open, and then that the light spots 1 5, 1 6 are crossing a track because of the eccentricity of the recording 
medium 1. In Fig. 14A, l L represents a signal level of the cross-track signal 64 when the light spot 15 is on a 
track land, and l G a signal level of the cross-track signal 64 when the light spot 15 is on a groove. Further in 
Figs. 14A and 14B, a timing corresponding to a track land is shown by a solid line L, and a timing corresponding 
to a groove by a broken line G. Also in Fig. 14B, l L ' represents a signal level of the cross-track signal 65 when 

is the light spot 16 is on a track land, and l G ' a signal level of the cross-track signal 65 when the light spot 16 is 
on a groove. As apparent from Figs. 14Aand 14B, the cross-track signals 64, 65 change in sinusoidal wave 
respectively with a constant period T, and a time deviation St exists between them. The time deviation 6t is 
risen from a relative position deviation 5 0 of the light spots 15, 16 with respect to an arbitrary track. Fig. 15A 
shows a positional relation of the light spots 1 5 and 16 on the medium surface. If a distance between the light 

20 spots 1 5 and 16 is about 20 urn on the medium surface, the deviation amount 5 0 may be limited to about 0.1 
urn by rotation adjustment of the diffraction grating 6. However, if the tracking servo is effected on the light 
spot 15 in this state, the light spot 16 would be deviated by the track deviation 5 0 , which cannot ensure stable 
verification reproduction of information. 

The above cross-track signals 64, 65 are output to a computing unit 66 as shown in Fig. 13. The computing 

25 unit 66 detects the period T and the time deviation 5t of the cross-track signals, and calculates the track de- 
viation 6 0 of the light spot 15 and 16 from a detection result thereof. The track deviation 6 0 may be obtained 
by the following equation. 

5 0 = P • St/T (8). 

In the equation (8), P denotes a track pitch. The computing unit 66 further calculates a tracking offset (AT offset) 
30 Aq using the track deviation thus obtained. The tracking offset Ao may be obtained by solving the following equa- 
tion. 

- So/2 = - 5t#P/2T = P/2tc sin- 1 (2VA) (9). 
Then the tracking offset Aq is as follows. 

Aq = - A/2»sin (*5,/T) (10). 

35 In the equation (10), A designates an amplitude level (PP value) of the AT signal, which is preliminarily obtained 
by an unrepresented computing unit The thus-obtained AT offset A 0 is applied to the AT signal 62 from the 
differential amplifier 31 as explained hereinbefore. Fig. 16B shows the AT signal 62 to which the AT offset Ao 
is applied. Fig. 16A shows the AT signal 62 to which the AT offset is not applied. When the tracking servo is 
effected on the light spot 1 5 while the AT offset A 0 is applied to the ATsignal 62, the track deviation S 0 is equally 

40 assigned to the two light spots 15, 16 as shown in Fig. 15B, whereby the two light spots 15 and 16 follow the 
track with a sufficient accuracy. 

A recording/reproducing signal level decreases in general in proportion to a square of the track deviation. 
In the present embodiment, a signal decrease of the light spot 16 for verification reproduction may be made 
half as compared with a case without application of the AT offset to the light spot 1 5 for recording and erasing. 

45 This effect is especially outstanding on a recording medium with guide grooves. The assigning ratio of the track 
deviation to the two light spots may be arbitrarily changed depending upon properties of the recording medium 
to be used. The application of the AT offset is necessary only in overwriting, but unnecessary in the ordinary 
reproduction. 

In case that the computing unit 66 detects the period T and the time deviation St from the two cross-track 
so signals, it is preferable that differentiating circuits 67a, 67b are provided before the computing unit 66 as shown 
in Fig. 13 to detect the period and the time deviation using differentiation outputs therefrom. Fig. 17Aand Fig. 
17B are drawings to show wave forms of the differentiation outputs. Fig. 17A shows a wave form obtained by 
differentiating the cross-track signal 64 in the differentiating circuit 67a, and Fig. 17B shows a waveform ob- 
tained by differentiating the cross-track signal 65 in the differentiating circuit 67b. In Figs. 17Aand 17B, a timing 
55 corresponding to a track land is shown by a solid line L, and a timing corresponding to a groove by a broken 
line G. As apparent from Figs. 17A and 17B, the timings of the track lands and grooves cross at zero when 
the respective cross-track signals are differentiated, whereby the period T and the time deviation ^ may be 
readily detected. 
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The relative track deviation 8 0 of the two light spots 15, 16 may be detected in another detection method 
different from the above. For example, the tracking servo loop is made open at a predetermined timing while 
the focus servo and the tracking servo are effective on the two light spots, and the light spots are jumped to 
a next track (one track jump). The relative track deviation may be detected from cross-track signals in one track 
5 jump. Fig. 18A shows a wave form of the cross-track signal 64 in one track jump, and Fig. 18B a wave form 
of the cross-track signal 65 in one track jump. Also in Figs. 18A and 18B, a timing of the light spot 15 on a 
groove is represented by a broken line G. The time deviation St may also be detected from the cross-track sig- 
nals 64, 65 in one track jump as described. In this case, the amplitude level A and a period T of the AT signal 
are to be obtained by another computing unit. Fig. 19A shows an AT signal 62 preliminarily obtained, an am- 

10 plitude level A and a period T of which are stored in an unrepresented memory. The computing unit 66 calculates 
an AT offset A 0 by the above-described equation (10) using the thus-obtained time deviation St, the period T, 
and the amplitude level A. Then, the thus-obtained AT offset A 0 is applied as shown in Fig. 19B to the AT signal 
62, and the track deviation S 0 is equally assigned to the two light spots 15 and 16 similarly as above. Fig. 20A 
and Fig. 20B show differentiation outputs 68, 69 obtained by differentiating the cross-track signals 64 and 65 

15 in the differentiating circuits 67a, 67b. In detection of the time deviation 8t, the detection is easy with use of 
differentiation outputs as described above. 

Fig. 21 is a block diagram to show the fourth embodiment according to the present invention, in which the 
output of the position sensor 34 as described in the first embodiment of Fig. 5 is taken in to reduce influence 
from the position deviation of the two light spots 15, 16 in the radial direction caused by the eccentricity of the 

20 recording medium, whereby to correctly detect the relative position deviation of the two light spots. The position 
deviation 6' of the two light spots caused by the eccentricity of the recording medium may be expressed by 
the equation (3) as detailed above. Thus, in case of a recording medium having a large eccentricity, obtaining 
the relative position deviation 8 0 of the light spots 15, 16 from the cross-track signals 64, 65 as explained with 
Fig. 13, a position deviation 5 observed is as follows. 

25 8 = S 0 + 6' (11). 

Considering that 8 0 is approximately 0.1 jim, the observed position deviation cannot be ignored. 

In the present embodiment, the output of the position sensor 34 is taken into the computing unit 66, and 
the eccentricity information of the recording medium is stored in the internal memory thereof. In detail, the 
semiconductor laser 4 is turned on with the light spot 15 for recording and erasing having a reproduction power 

30 in such a state that the computing unit 66 has no eccentricity information of the recording medium, and the 
tracking control is carried out while making the objective lens actuator 12 following the eccentricity of the re- 
cording medium 1 in this state. While the objective lens actuator 12 is following the eccentricity H 0 of the re- 
cording medium, an eccentricity amount of the recording medium 1 may be obtained from the output of the 
position sensor 34. The eccentricity amount is H 0 sin<Dt as described above. The computing unit 66 takes in the 

35 eccentricity amount and differentiates it to calculate the quantity H 0 coscot proportional to the track deviation 
of the light spot 16 for verification reproduction due to the eccentricity of the recording medium 1. The com- 
puting unit 66 obtains from the address information preliminarily formatted in the recording medium 1 a dis- 
tance L between the light spots 15 and 16 on the recording medium 1, which is determined by the construction 
of the light head, and a radius R on the recording medium 1 where the light spots 15, 16 are located, and cal- 

40 culates the track deviation amount 8* of the light spot 1 6 due to the eccentricity by the recording medium 1 at 
that radius with reference to the light spot 15. The track deviation amount 8* may be obtained by the above 
equation (4). 

The eccentricity amount is normally constant independent of the radius R. Thus, once the computing unit 
66 takes in the eccentricity information, the track deviation amount of the light spot 16 due to the eccentricity 

45 of the recording medium 1 may be calculated in accordance with a radius R of a track on the recording medium 
1 to which the light head is making access. The computing unit 66 calculates the relative track position deviation 
8 0 of the light spots 1 5 and 16 using the track deviation amount 8* due to the eccentricity thus obtained. Using 
the above equation (11), the relative track position deviation S 0 may be calculated as follows. 

8 0 = 8 - 8' = 8 - HqCOSoUUR (12). 

50 As explained, the relative track position deviation 8 0 of the light spots 15, 16 not caused by the eccentricity of 
the recording medium 1 may be thus obtained. The computing unit 66 calculates a tracking offset A<> to assign 
the relative position deviation 8 0 thus obtained at a predetermined ratio to the two light spots 15, 16 similarly 
as in the embodiment of Fig. 13. The obtained offset A<> is constantly applied to the AT signal 62 as shown in 
Fig. 16 or Fig. 19. Since the tracking servo is effective on the light spot 15 while the tracking offset is applied 

55 to the AT signal as described, the relative track position deviation 8 0 of the two light spots 15,16 may be equally 
assigned to the two light spots 15, 16 as shown in Fig. 15B, whereby stable recording, erasing, and reproducing 
of information may become possible. 

The embodiment of Fig. 21 employs another method to detect the relative track position deviation 8 0 of 
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the light spots 15, 16, which is not caused by the eccentricity of the recording medium. In detail, the computing 
unit 66 takes in to store the output of the position sensor 34, detects a time deviation St in the same manner 
as in the first embodiment at a timing of b or d as shown in Fig. 4, and then calculates the track deviation So- 
Further, in case that the time deviation St is detected while opening the tracking control loop as explained in 
Fig. 14, a timing of an extremum of the eccentricity may be obtained using a rotation synchronizing signal of 
the recording medium. Alternatively, in case that the time deviation St is detected in one track jump as shown 
in Fig. 18, the position output of the objective lens may be used as detected. Further, the eccentricity of the 
recording medium may be in general approximated by the above equations (1) and (2). Thus, letting the period 
of the eccentricity be T, an eccentricity amount at an arbitrary time t = a is equal in amplitude to that at a time 
t = a + T72, and is opposite in sign. 

$*(t = a) = HqCOSucx^L/R 

=-fi*(t = a + T72) (13). 

Accordingly, when t = a, the relative position deviation of the light spots is as follows. 

6 = S 0 + S'(t = a) (14). 

When t = a + T72 

5 = 5 0 - S'(t = a) (15). 

Then, if the time deviation St of the cross-track signals is detected at each of the above timings and an average 
thereof is obtained, an approximate S 0 may be obtained. For example, the time deviation St may be detected 
at timings of a and c in Fig. 4. In case that the time deviation St is detected while opening the tracking loop, 
the rotation synchronizing signal of the recording medium may be used. Alternatively, in case that the time 
deviation St is detected in one track jump, the position output of the objective lens may be used. 

The above embodiments show examples to conduct the tracking control with two light spots on an identical 
track, while the following is an example to conduct the tracking control with a plurality (two or more) of light 
spots on a plurality of respective tracks different from each other. The following explains the tracking control 
with respect to the plurality of tracks. As shown in Fig. 22A, the tracking control is effected on five light spots 
75 to 79, and the five light spots are aligned at equal intervals of distance L. The five light spots are adjusted 
to locate on the adjacent tracks respectively when the recording medium has no eccentricity, and the tracking 
control is carried out using the light spot 75. If the recording medium has an eccentricity (Hosincot), each of the 
light spots has a track deviation as shown in Fig. 22B. A track deviation of i-th light spot Si may be determined 
as follows. 

Si = H 0 cos©t(i- 1)»L/R(i = 1,2 5) (16). 

Thus, applying -2H 0 coscoUUR as an AT offset, the track deviation may be split to assign to the light spots as 
shown in Fig. 22C. Track deviations of the respective light spots 75 to 79 are as follows. 

5 1 = - 2H 0 coso>t«LyR (17), 

5 2 = - H 0 coscot#L/R (18), 

S 3 = 0 (19). 
5 4 = HqCOScdUUR (20), AND 
S 5 = 2H 0 coso>t#L/R (21). 

If track deviations of the light spots are detected from cross-track signals as explained with Fig. 13, five 
photo detectors are provided to receive respective cross-track signals of the five light spots 75 to 79, and a 
relative position deviation Si may be obtained for each light spot on each track. Then, the computing unit cal- 
culates a distance L between two light spots and a radius R of the light spot on the recording medium, and an 
AT offset is applied to the light spot 75 so as to minimize the position deviation of each light spot on each track 
(for example to minimize a square sum of the deviations). If the recording medium has an eccentricity, the pos- 
ition deviation except for that caused by the eccentricity of the recording medium may be obtained similarly 
as in the embodiment of Fig. 21 . 

According to the present invention as described, the tracking control may be effected with a satisfactory 
accuracy on each of plural light spots without necessity of complex trapezoidal shaped prism and rotation ac- 
tuator, whereby a construction of the light head may be advantageously made greatly simple and compact. 
Further, the position alignment between the photo detectors and the light spots can be made only with one of 
the light spots, so that an operation for the position alignment may be advantageously greatly reduced between 
the light spots and the sensors in production, which would otherwise be tedious. 

It will be appreciated that in the foregoing "AT offset" stands for "Auto Tracking offset". This expression 
represents the degree of deviation of the light spot from the track. 
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Claims 

1. An optical information recording apparatus comprising: 

means for forming f irst and second light spots on an optical information recording medium to per- 
form recording or reproducing of information on said recording medium; 

tracking control means for conducting a tracking control for at least one of said first and second 
light spots; 

detecting means for detecting an eccentricity amount of said recording medium; 

calculating means for calculating a tracking offset amount to be assigned at a predetermined ratio 
to the first and second light spots, based on said eccentricity amount detected, position information of 
said first light spot on said recording medium, and distance information between said first and second 
light spots; and 

applying means for applying said offset amount calculated to said tracking control means. 

2. An optical information recording apparatus according to Claim 1, wherein said applying means applies 
said offset amount in synchronism with an eccentricity of said recording medium. 

3. An optical information recording apparatus comprising: 

means for forming first and second light spots on an optical information recording medium to per- 
form recording or reproducing of information on said recording medium; 

tracking control means for conducting a tracking control for at least one of said first and second 
light spots; 

detecting means for detecting a relative track deviation amount of said first and second light spots; 
calculating means for calculating a tracking offset amount to assign said track deviation amount 
detected at a predetermined ratio to said first and second light spots; and 

applying means for applying said offset amount calculated to said tracking control means. 

4. An optical information recording apparatus according to Claim 3, wherein said detecting means detects 
the relative track deviation amount from signals upon cross-track of said first and second light spots. 

5. A tracking control method in an optical information recording apparatus, comprising: 

a step of forming at least one of first and second light spots on an optical information recording 
medium, and detecting an eccentricity amount of said recording medium; 

a calculating step of calculating a tracking offset amount to be assigned at a predetermined ratio 
to said first and second light spots, based on said eccentricity amount detected, position information of 
said first light spot on said recording medium, and distance information between said first and second 
light spots; and 

a step of applying said offset amount calculated to tracking control means, and conducting a track- 
ing control for at least one of said first and second light spots. 

6. A tracking control method in an optical information recording apparatus, comprising: 

a step of forming first and second light spots on an optical information recording medium, and de- 
tecting a relative track deviation amount of said first and second light spots; 

a step of calculating a tracking offset amount to assign said track deviation amount detected at a 
predetermined ratio to said first and second light spots; and 

a step of applying said offset amount calculated to tracking control means, and conducting a track- 
ing control for at least one of said first and second light spots. 

7. An optical recording apparatus including: 

means for producing at least one light spot on an optical recording medium; 
means for tracking the position of the light spot on the medium; 

means for determining any deviation in the tracking of the light spot on the medium; and 
means for correcting the position of the light spot so as to compensate for the deviation. 

8. An apparatus according to claim 7, in which the optical recording medium is a magneto-optical recording 
medium, and the apparatus includes means for applying a magnetic field to the medium. 

9. An optical recording method including the steps of: 

producing at least one light spot in an optica! recording medium; 
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tracking the position of the light spot on the medium; 

determining any deviation in the tracking of the light spot; and 

correcting the position of the light spot so as to compensate for the deviation. 

A method according to claim 9, in which the optical recording medium is a magneto-optical recording 
dium, and the method includes the step of applying a magnetic field to the medium. 
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